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ng water quahty
s a result of hu-
wth in coastal ar-
an, one of the
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|| nants, resulting in anoxic or hypoxic
conditions and declines in living re-

sonrces(Hortonand Eichbaum 1991}, .
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clean, heakhy bay

obtaining a clean. healthy bay (Funder-
burk et al. 19913,
We use habﬁtat requirements of

acterize the water quah‘fy of Chesa.

- peake Bay because of their wides

spread distribution in the bay, cally have béen one of the major fac.

mportant ecological role, and sensi-
ivity to water quality paramerers,
Our priniary goal is to synthesize

»»»»»»»» ion leading ro the establiche
of quantitative levels of relevant

major resource of Chesapeiake Bay
Batiuk et al. in press). The develop
t of a habitat requircment ap-
ch for Caesapeake bay could
rove useful in other estuaries experi-
neine water guality desradation,

ubmersed aguatic vegetation is com-

ave colonized primarily soft sedi-
ment habitats in coastal, cstudeine.
nd freshwater habitats. In Chesa-

. a
 of marine angiosperms (den Haﬂ:og,

. several hundred species of freshwarer

ter quality parameters necessarv 1o

portsubmersedaquatic Vegetation,  tha importance of submersed aquaric

and water turbidity freviewed i1
. Larkum et al 1990, McRov an

sed of rooted flowering plants thary

Stan Kollar, Peter W. Bergstrem, and Richard A Banuk ,

1970 however, representatives of the

magrophytes are often found m estua-
rine habitats (Flutchinson 19751 For
the purpose of this arricle, the ¢
Submersed agiiatic vegelation is
for both marnne angiospermsand fresh-
water macrophytes that are found in
{hesapeake Bay. These plants histori- -

tors contnbuting to the high produc-
tivity of Chesapeake Bay (Kempetal
19843 ecnecmlly the abundance
Waterf@wi ...........

Buring the last two decades, ther

hus been an increasing recoonition o

vegetation in coastal and estuarin
ceosystems. Submersed aguatic vep
station provides food tor waterfo
ard critical habitat for shellnsh an
finfish. This vegetation also affect
tutrient cvoling, sediment stabiliy

Heltterich 1977, Phillips and NeRo
19801 However declines of sub
mersed aguatic vegetation are buing
docanmented worldwide (Burope
Criesen et all 1990: North America:
Costa 1URS. Orch and Moore 1983
Australia: Cambridge and McComb
1.984} because of anthropogenic m
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gmts such as sediments and nutrients
that affect the water quality of coastal
ecosystems [lhaver et al. 1975}

In Chesapeake Bay, a Iarge-scaie
decline of submersed aquatic vegeta-
tion occurred in the late 1960s and
early 1970s {(Orth and Moore 1983,
1984). This decline was related 1o
increasing amounts of nutrients and
sediments in Chesapeake Bav result
ing fram development of the bay’s
shoreline and wartershed (Kemp et al,
1983, Twilley erall 1985). Currently,
there are approximately 25,000 ha of
submersed aquatic vegetati&n in
Chesapeake Bay (Orth et al. 1991},
which is approximately 1(}% of its
histerical dmmbutm '

stead focus on chemxml parameters
(e.8. dissolved oxyeen, pH, salinity,
toxic compounds, and temperature).
Many of the restoration goals of birds,
fish, and shellfish invelve chansec in
both env nnm&ntal quality and man-
agem an harvesting activi-
ties. In contrast, submersed aquatic
vegetation restoration goals can be
linked solely to enviranmental qual-
whing for more direct

f restoration progress.
ic narure of subniersed
on/light inreractions
itial for wider applica
rsed aquatic vegeration
irements. Establishment
equiirements forvarr
uatic vegetation spe-
th water qualiey moni.
Id be used to establish
nd nurment standards
of coastal enviconments
il of preventing further

t requirements of
aguatic vegetation

UALIC Vegetatiotreduires
otosynthesis, and its
tval. and depth penerra:
v related to light avail-
ison 1987, Kenworthy

gmwth
tion is
ability

Februa

and Hﬁaert ?991} The mammal .

deprh at which submersed plam‘q can
survive increases with increasing light
penetration, as measured with under-

evs of plany distributions

idise (Figure 1} The Secchi
depth is the maximal water depth at
whmh a bl dnk and white disc (30-

the surface. In spite of the differences
hetw en freshwater and marine sub-

?
|

h pahatmtidn (m

{

Ma;’;in;at dep

1 a5 o0

Sa{:chn disc depth (m)

m)

d aquatic vegetation and their

habitats (e.g.. Stevenson 1988). the
general relationships berween light
availability and depth penetration of
submersed aquatic vegetation in vari-
ous locations are similar in shallow,

turbid waters (Secc: hi depth less than 5

mj.

mersed aquatm veg marine

habitats tend to have dej}th limits that

exceed the higher Secchi depths (Fig-

ure 1b}. In Chesapeake Bay, Secchi

depths are generally 1-2 m, and sub-
mersed aquatic vegetation are re-
hallowiwarer depths (les

3 mat mean low water [MI W]
Minimal light requirements for sub-
mersed ‘aguatic vegetation are deter-

G mmu}tanesus measura?, ,

water data from fiel ii §
Chambers and Kaltf 1985 marine data
from references listed in ’?abfe 1

this manner, the averape mmzmal hght
requircment for freshwarer angio-
p from lakes in Canada

determined to be 214 « 2.4% of

surface light levels {(Chambers and

Kaifﬂ 98 5h and th»‘.ﬁ average mmnn:ﬁ

the maximal depth limit for

d aquatic vegeiation and the

enuation coefficient. A con-

ctor between Secchi depth

tnen&atmn coefficient can

nm} that f:{)rresgx@nds to
depth penetration of sub.
quatic vegetation 15 deter
ing a negative exponential
according 1o the Lambearr
tion:

. spkpz

s the PAR light at depth ¢, [

 light just below the watei"__ ”
, is the light attenuation  «

t, and z s the water depth.
that the mnimal lishe e

s the light devel ar the
epth penetration (z), per-

g of minimal Hihre requ

iong species (Table 11 ke
ofdifferencesin phosinlog
phological adaptations.

I, the minimal light requ

plants. Terrestrial plants from sha
ats have light sequirenients o
¢r of 0.5~27% of incident ligh

noet al 1987 Osmond or 3
. Boih phytﬂplankmn an
algae have niinimal Light ¢

angs that aep &zgmfzcmtﬁly le

o charophvies. 2e3% tSand-
1988): green alpae. 0.05-1.0%
g oand Dieine 19700 heyn ol

ARO0010557



asmp 100 x 1/ =¢ B4 ° Ranpe of

multiple data points,

Gienus and species

Ampbiboits amtaractica

Cymodoeea nodosa®

£ nodosa” ~

Halodule wrishtn

Halophila decipions®

H. decipiens”®

Halophile engelmannt®

Heterazastera tasmanica”

H tasmanica”

H. tasmanica”

H tasmanica® |

Pasidonia angusiifolia®
sidaonia oceanica®

Leocation
Warterloo Bay (Australia)

| Ebro Delta (Spain)
“““ Ihdalisi e

%[B&ER 5]
St. Croix (US)
Northy Cuba

Victoriz (Australia)
Chile
Spencer Gult (Australia)

. Waterloo Bay (Australia)
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coMalea
Warerloo Bay (Australia) ;

‘Warterloo Bay (Australia)

Maximal
depth limit (m)

Brazil

Northwest Cuba
Florida (US}
SRR
Northwest Cuba

Puerto Rico

FHlonda (US)
Kattegat {(Denmark)

Z il
& maring®
Zomaring
£ mariie”
2 omarinat
*Duarte 1991
W 1 Kenworthy, personal co
Eiliame and Dennitor 1990
“Oisrenteld 1908
Borum 1983

gar, 0.7-15% (Loning a
19795 coierace red alpae O
Eletier o ol 19855 and |
andmarime phvioplan
iarons o o 199 U
Because there is 2 high min
requirenent for submers
vegetation, its survival
good water ey her
inporiant o focus on g

Denmark

Japan

tons of submerced agia
tion,

The mmnimal light require

SE¢

vepetation determines th
water depth at which it e
1 his relanionship 15 depicte
tally as the intersection
Hitensity versus depth curve
tniniimal light requirement (Figure 2}
Lightitensin (s attenuated
vty with warer depth (Figur
sidel. The minimal light req

88

Roskilde (Denmark)

Woods Hole (L5)
Netherlands =

f a particular submersed aquatic veg-
etation species, as a percentage of

a predicted maximal depth of
rvival for that species (Bionre 7 lefe
side}. Light attenuation is temporally

and spatially variable, and in the
sapeake Bay criddy we used me-

dianvalues taken ar monthly intervals
 during the growing season to charac-
terize licht artenuation, Maximal

epth limits of submersed aquaric veg-

ation are less remporaly variable
_ with ime mtervals of months to years

before chanpes are observed: conse-
uently, annual surveys are generally

miade.
Mimmal hight requirements are

nsistent for each species of sub-
‘mersed aquatic vegetation, with litle

variation within species tlable 4y

. light attenuation, maximal depth
limit, and minimal light requiceinents

 Tyblel. Maximal dlépti} 1im€§§gtmc§e“f2ﬁ};iént (K}, and minimal light requirements of various species of seagrass. th;e Secchi déf;
| were reported, K = 1.65/8ecchi depth (Giesen et al. 1990). Minimal light requirements were calenlared as percent light at the m@mal d@thg'_ 7
maximal depth limit and K, values and means + SE of minimal light requirement given in Incations with

K, heht atenuation

coeflicient (m ™Y
0.20
0.57
0.07
3.93
0.08
0.10
(.10
0.36-1.85
0.25
.08
0.20

0,160,368 et
10.32-0.92 194+ 13
G 208+ 130
DR 186
0.38-0.49 18.2 245

often results in an imbalance in rela
tive accuracy of these parameters
Knowledse of two of these three un
knowns faveraoe light arten

coetficient [K |, minimal light re

ment, or maximal depth of submerse
dguatic vegetation survival) allow

known. For example. an assessmen
of the maximal depth penetration o
the seqorass Fosters maring wi
knowledee of its minimal lig
quirement (1able 1) sllows for th
determunation ol an average lighi

nier. denth penetration of submierse
aguatic veeetation 1s used as an inte
grating “light meter” ro assess ligh
repimes on the apsroprate teinn

and spanal scales {with respect t
Survivail) without intensive samphn

 Light areenuation within the warer
colimn s a tunction not only of th
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water itself, but also of its dissolved
- and particulate components. which
serve to reflect, refract, absorb, and
incident radiation (Figure

tate organic and preanic

washed mfrom surround-

ing uplands or resuspended from bot-
tom deposits and can severely limit
light penﬂrratmn in shallow waters.
Inorganic nutrients enhance the
gmwth in the water column of phyto-
well as epiphytic algae,

B4V minimal
s Ilght requiremant
Secchidepth

Maximal depth of

SAY survival

b light before it reaches |

the leaf surface of submersed vegeta-
tion. The spectral character of the
light may also be changed so that
_attenuation s greatest in the photo-
, 5ynthctlcal y xmpartant E}iua and red

Inspite of this comp]emt}a itshould
be possible to predict submersed
| aquatic vegetation growth and sur-

vival from the known levels of cerrain
key water-quality parameters oricon-
versely, to predict long-rerm water
quaﬁty‘ evels based on the distribu-
tion of submersed aquatic vegetation
if th Ievgls of the facrors that ad-
fect submersed aquatic veg:

known. Thisapproachdoes

1 4 complere understanding
ter-quality interacrions af

t attenuation bur rather on

fa on Water auality and

submersed aguatic vegeta

ine-the cricical wareroumle
hat correspond to sub-
tic vegeration survival

ty  pradicits - aong
Chesapeake Bavwere
patterns of transplant
distributions of sub-

of these relationdhing on
s of different regions of
e Bay, by different investi:

{0-0.5 o). oli
mesohaline (5-18 a0l

Frgure 2. Determination of maximal depth of submersed aquatc veperanion (SAV)
survival by the itersection of minimal light requirement and Heht artenuation curve

(% of surface light).

areas were used: upper Chesapeake

Bay, upper Potomac River Choptank__
River, and York

aquatic veg
able. The are
gimes of Ches

olyhaline
(18-25%0).

‘The upper Chesapeake Bay, which
includes the Susquehanna Flats and

the Elk, Sassafras. Norehease and

Susquehanna rivers, is 4 region with
ridal freshwater and oligohaline ar

_cas. This area historically stipporte
same of the most extensive submersed

agquatic vegﬁtatioa populations in
Chesapeake Bay in the 1950s and
1960s (Bavleveral 1978 Davis 1935)
Although there are no precise record
ribuitions during this period,
11,100 ha of boream that

otentially support submersed

getatlon (lessthan 2 m wa

al. 199114 vamﬁt}r afspecies

d i this resion prmmpall
gamericana Cevatophyline

m, Paramogeton spp., and

veiopbyllion sphicatim

upper Potomar River 18 als
zed by tidal freshwater a

ine waters: Mistorieallv this

“had abundant submersed

vegetation thioueh the 1950

et al 1985 Uiumiming 1916,

teral 1977) However sub.
cclinies left the arves nearly
submiersed aquaric vegera

-5 “fm:...} v

tion until 1983 (M i
1983) ‘}ncrcased wa

Rybicki 19886},

are vegerated, d i
verticilfata, M. spicatwm, and V.
americana and representing approxi-

mately 19% of the river Bottom less

than 2 m water depth (MLW: Carter

and Rybicki 1990, Orth et all 1991
The Choprank River is the largest
butary on the eastern shore of the
esapeake Bav, with mesohaline to

| froshwarer reaches, It was estic

mated that 15,000 ha ot the Choptank

ver was vepetated with Ruppie

lima Zanuichelliz ;f}fs{usrris, M
i, and several species

piedonly 190 ha (Stevencon e
ressi o oapprosimarely 1%

ontank River bottom less than
rdepth (ML Wi tirtheral 19

he York River is one of th

orributanes anthewesrern oh
ofthe Chesapeake Bay wirh the sp
areain the polvhinline and meioha
s, Abundantsubmersed agu

o0 Conslating of Zosiers

and B it was found al

;~daepwater portions of the beds,
990, significant regrowth of su
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_ Figure 3. Availability of light for submersed aquatic vegeration (SAV) is determined

Water column
light
attonuation

Total Ka)
Suspapcled .
SOhds i Pa{ticles ‘:

Epiphytes

| Grazers |

by leht attenuation processes, Water column attenudtion, measured as the light

| attenuation coeffitlert (K 1 v

_ in the warer [phvtoplankion
. mormani particles, measur
Wit el Teaf siiface anen
submersed leaf surfaces, also
. nidnents (DN dissoved ino
contribute to phvioplankion
andd epiehvee grasers control

Table 2. Chesapeale Bav s
ﬂ:’::} the maximai gwm‘ng season

1igh
aticnnation
, = coelhcient
Sabmity repime. (K om!
Tidal freshwarer
Oligohaline
Mesohaline
Polvhaline

sorption and scatter of heht by parttcies
chlorophyll 4, and toral organic and
ed cﬂ]xds} and by absorption of nght by
sely due 1o &1gal epiphivies growing on
lipht attenuation. Dissolved ingrpanic

, dissolved inorganic phosphorus)
iph ﬁ}mponenrs of sverall liohy drtenistion,

 Dissolved
morganic inorganic
_ ninogsen phosphorus
) (M)

- ' U572

- 0.67
10 ; 33

s o e

Dissolved

mersed aquatic vegetation had oc
curred, primarily in the downriver
areas, with upriver areas still un-
vegetated, Currently, approximately
15 % of York River bortom less than

m water depth (MLW) is covered
submersed aquatic vegetation (Orth
eral. 1991).

The habitat

requirements approach

Habirat requirements for submerse

aquatic vegetation are defined as the

minimal water-quality levels neces-

sary for survival, Survival was defined

by the presence of either fluctuating

or persistent vegetation beds or the
ansplants of subme '

d as areas hore

‘cant shifs in interannual distribution

and abundance patters. «
 Water-quality parameters. ussd in
thedelineation of habitat requirements
were chosen because of their avail
ability in water-quality data sets and
their relevance to submersed aguatic
vesetation survival. Yet, oth
ramieters also affect survival, and the
selected parameters are not indepen-
dent variables, Some degree of inter
dependence of these parameters is il

of total suspended sahds, chlorophyl
a, dissolved inorganic nirrogen, dis
solved inoroanic phosphorus, an
attentation coctficient (Figure 55,

_ these paramercrs were not hishly cor

related using a Pearson’s correlatio
analysis of all paramerers for the dat
in Figure S analvzing separately sta
tions with and without submerse
dquatic veoemation {(Batiuk ot
press). Corveelations (1) between pa
rameters weree all leas than 0.5 excep
for K| x total suspended solids (x
076 and r = U074 in areas with anc
without seaprass. respectivelyban
xehlorophillalr = 054 inarcas wit
submersed aguatic vegetation). 1
lack of appredable correlation fo
most of the parameters supports th
use of multiple habitat requirements
tubetter predicesurvival ofsubme
aquatic vegetation.
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Emp cal reiatxonsths between
quality characieristics and dis-
tributions of submersed aquatic vep-
etation provided the means of defin:
ing habitat requirements for vegetation
survival. Habitar requirements were
formulated by determining vegetation
distributions by transplant survival
and bay’mde distributional surveys,
measuring water-quality characteris-
tics along large-scale transects that
spanned vegetated and unvegetated
regions, and combining distributional
data and water-quality levels (as in
Figure 5) to establish the minimal
water quality thatsupports subm&rsed
aquatic vegetation mrvwaﬁ ‘

gic conditions

tors. Submersed
distributions in the
’a::;msﬁ all sal ity

camerers used to develop habitar re-
quirements. In addition, interannual
changesin water quality led to changes
in submersed aquatic vegetatmn dis-
trxbntmn;and abundance in each o

@:élty candmons suffzcxent to
vival, crowth, and repro-
Ubmiereed aguatic vegrta:
ter depths of one meter

ter deptige s chasen L present-
day Qimpeakc Bav submersed
tation beds are. genera]]y

%aaé olig{}haline regicns

n 15 m! tor mesohaline

e regions were needed .

s of toral suspended sol-

S me/) and chlorophyll

5 no/ll were consistent

The close similarity in

irement values identified

for mmEsaspended scr-hds, chlorophvll
ht attenuation cocliicient

(K for all salinity regimes of Chesa-

February 1993

IUSCUTHANNA

EALTHAORE 2

Chesapeake Bay with loacarion
ipeake Bay, Upper Poromac River, ©

Bav sugpeste that orowth and
fsubmersed aquatic vegera:

dless of their location an
species at those locations, all respond
) water-quality parameters

at raquimmmts for dissolved
itropen and phosphory
ubstancially between salinity
In rdal frechwarer and
. regions, established sub
aquatic vegetation beds sar

Upper
Chesapeake Bay

Chaptaak
Hiver

four repional sty areas: Upo
ptank River and Lower York River

oth episodically and chropical

issolved inorganie nittopenico

ntly. habitar requirements F

solved orpanic niteaneiowere i

ermined for these recions oo

maximal dissedved inorean
enconcentrations ol [0uMwere
Bed for nusabiline and poles

ation haboat regiirement
dissolvedinoroani shasnurus was
.67 ol forall reions except
halmerepionatles than 0 3350
thferences 1 nutrient habitat re
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ipnre 3 ‘Thves dimensional o
cocthicient versus {a) total sus
cissolved inorganic nitroge
Biver stations for 1986198
Hucoating submersed agua

Chesapeake Bay are consist
observations from a variety ¢
is that shilts oeeur in
importance of phosph
tropen as limiring bactors {
U2 Becanse nabifat re
for nutrient concentrations ¢
on location (e, f it
Fiacie nirrient reduett
could vary depencing on th
fioime. However nuty
freshwater or s:}hgohalme
the estuary affects nutrientc
tions ol other salinity rep
sucrent reduction strategt
to be baywide to achieve

.

ll'k‘*!"@i'

DRCHLATR A

of May-October niedian light atternarion
s and chlorophyll & concenrrations or b

inorganic phosphorus at the Choprank
istent submersed aguatic vegeration: fag -

rele = no submersed aguatic veschation,

quirements in each salinity regime.
Habitat requirements can be used
encrate distnibution and abune

e targets for testoration efforis i
Chesapeake Bay Increased waterchin
ty would be required for submersed
guatic vecetation fto penetrate to
hs greater than one meter. Using
mimimal light requirement of 20%
¢.5, Zosterd marind), monthiy e
ian light at:tmuatzan cceffzcmnts ot
.80 m! gmd 0.54 m* would he e

esapaai«:& Bay hydmgraphy pmvzd&s

estimates of potential vegetation hab
tat that could be compared to mea- -
sured distributions, thus providing a
quantitative method to assess the rela-
tive success of Chesapeake Bay resw
ration efforts.

Chesapeake Bay habitat requu:e»

tion developed in the four study areas
were applicd to the rest of the bay to
test the correspondence of submersed
vegeration distributions with the fi
water guality parameters (Table 3
Chesapeake Bay was divided into 47
segments, and median water-quality
values were determined in each se
ment using Chesapeake Bay Basi
Onitm‘mg data for each year be-

quality param-
ering abilities to predice
d aquattc vegetation distri-
s: chlorophyll & (99%
solved i inorganic phosphorus (95%),
light attenuation coefficient (90%),
total suspfmdcc{ solids (84 %), and dis-
solved inorganicnitrogen (83 % Jihow-
ever, the overall average (90%) for all
parameters is tairly high and indicates
the utility of this approach.
| There are few tidal freshwater and
noohigohaline stations with more than
25 ha of submersed aguaric vegeta-
tion outsice the upper Poromac R
so testing the habitat requirement
these areas was less intensive, the
npper Potomac River was notincluded
in this treatment because th
established submersed aguatic ve
etation populations were able towit
stand oceastonal departures from t
established distribunion (Basiuk ef 2
i press)
the hubitatrequirements represe
the absolute minimal water-
characteristics necessary (o susta
plants in shallow water. As such ¢
ceeding any of the five watar-qaah
characteristics seriously compro
the chanves of submersed aguatic ve
ctation survival. Improvements
water clanty and nutrient reduet
1o achieve greater depth penetrati
of submersed aquatic vegetation would
also increase submersed aguaric veg-
etation density, biomass, and
bution (Carter and Rybicki 1990,
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Table 3. Application of Chesapeake Bay submersed aquatic vegetation habirat requirements using

distributions and water quality data from 19841990

submetsed aguatic vegetation is present when geowing season median water anality values are loes
than the habitar requirements listed 1n Table 2 Mumber in parentheses s the sumber of

Chesape:

aualysxs
Light
 attenuation
cocificient
100% (7}
86% (57)
94% (32}
90% (98)

Touwl
 suspended
solids

100% (7)

Salinity regime
Tidal freshwater
Mesohaline
Bolyhaline

Total 84% (96}

Denmsonl987) Inadd:tw ' 1mprm'e-
ments of water quallty beynnd the
habitat requirements co

aintenance. OI rees

plant commnmnes
forts are futile,

traz;asplan@t cf-

Conclusions

'The analyses presented here represent
a first attempt at linking habitat re-
far a living resource {sub-

iquatic vegeration) 1o water

dards in an estuarine sys-

is habitat requirements ap-

though deviating from the

- dosefresponse imeasires

oxicity studies. provides

heses concerning water
egetationinteractionsthatvan

 future studies in other

d perhaps lacustrine sys-

dditional experimental

ing from field and labo-

€5 o test the empirical

could lead o improved

apability of habirar re

- Aature ol vegeration/water
ractions, Beeanse wube
tic vegetation are disap-
vonaglobalscale there

o provide guidehnes on
y before a more complete
of the complex eco-
Ons is reacned. Sub-

819 (59)
BB (32)

Bay segments and vears with ut least 25 ha of submersed agianc vesetation:
dlstnbutmﬁ RSEd to detﬁrmme gercentages No ol

reas had more than 25 ha of
which was not included in this

Dissolved

wphyll . inorganic

a nitrogen
0% (7} —

00% (87 9% (57)

7% (313 81% (31)

99% (95) 83% (B9

Dissolved
inorganic
phosphorus

100% (7)
939 (57}
97% (32}
95 % (96}

I"I&I‘S(Td aquat:-: vegemmon am conye-
nient natural light meters, integrating
water clarity of co:
time scales of wee
organisms al

We need to maintdin continuous
interactions and feedback between the
researchers who develop the habitat
criteria for individual species and the
resource managers who are respon-

sible for reoulatinne that ultimately

restore, and enhance livin
Continued research an

mn‘ces, coupled with specific
ion goals, are paramount if

- with the heip and erincal
4 variety of editors rechnp
d progrom statf from the
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